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pathogenic mechanism. The production of this toxin is well known because the clinical manifestations of cholera disease are related to cholera toxin (CT) activity on the physiological properties of the intestinal epithelial cells. 1 Cholera toxin is considered the most important pathogenicity factor 1 , although other toxins have also been described: ZOT (Zonula Occludens Toxin) or ACE toxin 2, 3, 4 . Except for CT, the role of other toxins in the pathogenesis of the disease due to V. cholerae is not clear. [5] [6] [7] [8] Some cholera non-toxigenic strains are not CT producers and have demostrated capacity to produce moderate diarrhea 9 .
Assays with cell cultures have revealed that CT generally causes a cytotonic effect (CTN) consisting in the enlargement of cells. 10 However, some V. cholerae O1 and non-O1 strains have produce direct cell lysis or cytotoxic activity (CA) associated to hemolysin. 11, 12 Hemolysin genes already have been cloned. 3, 13, 14 CA related to CT in hyper-producer strains has not been described.
The relationship between pathogenicity and hemolysin production in V. cholerae O1 has been studied less than the relation between CT and pathogenicity. The possibility that Vibrio cholerae O1 hemolysin producer strains could play a role in CA activity and the development of cholera is unclear.
The purpose of this work was to determine the biological activity of hemolysin from Vibrio cholerae O1 strains isolated in the Mexican outbreak of the disease between 1990 and 1993 using the ileal loop model in rabbit and rat in in vivo assays and Vero and CHO cell cultures with vitro experiments.
Methods

Ligated Ileal loop assay in rat and rabbit
This test was performed using young New Zealand white rabbits (2.5 kg body weight) and Wistar young rats (250 g body weight). Both animal models were subjected to fasting for 18-24 h prior to performing the experiment. The animals were anesthetized and the abdomen of each animal was opened using aseptic methods. The intestine was divided into 4 loops with string ligatures and 1 ml supernatant with CA in cell cultures, 1 ml of PBS, 1 ml of control strain supernatants and 1 ml of medium alone were inoculated in them. The abdomens of the animals were closed and the animals were sacrificed at 18 -20 h. The volume of accumulated fluid and the length of loops were determined. The relationship between volume and length of loop was calculated.18,19 The hemorrhagic damage was assessed by quantifying the hemoglobin in the fluid collected into the loop using benzidine hydrochloride according to Newman.21 Histological tissue from the loops was included in paraffin and dyed by means of the hematoxilin and eosin technique. Animal experiments were conduced in accordance with the Mexican NOM-062Z00-1999 guidelines for production and care of laboratory animals 20 .
Bacterial strains.
Nine clinical Vibrio cholerae 01 strains were isolated from patients diagnosed and treated for the cholera disease during an outbreak in Mexico between 1990 and 1993. The strains were capable of producing CA in cell cultures. Strain C6707 was CTN, isolated in a Peruvian cholera outbreak and 25922 CA hemolysin producer strains were used as controls. All strains were tested for hemolysin by hemolysis test.
Production of supernatants with CA.
All strains were grown in Craig broth medium (Casaminoacids 3%, yeast extract 4%, glucose 2% and monobasic potassium phosphate 0.05%) with shaking and in three different time periods (6, 18 and 24 h ). The cultures were harvested and centrifuged at 10,000 x g and the supernatants were filtered through 0.22 m membranes (Millipore Corporation, Bedford, MA).
Cytotoxic dosage at 50%.
96-well flat-bottom tissue culture plates (Nunc; Intermed, Roskilde, Denmark) were used to grow either CHO (Chinese hamster ovary) cells in Ham F-12 medium or Vero (kidney monkey green) cells in Eagle minimum essential medium, both supplemented with 5% fetal bovine serum (Gibco BRL, Carlsbad, CA, USA), penicillin G and streptomycin (Gibco BRL, Carlsbad, CA, USA). The plates were incubated at 37°C and in 5% CO2 atmosphere. After confluent growth of the cell cultures, supernatants from the bacterial strains were added to the cell cultures using a 1:10 dilution factor (10 1 -10 5 ) with Eagle medium supplemented with 2% fetal bovine serum (Gibco BRL, Carlsbad, CA, USA). These cultures were incubated under standard conditions described above and examined with an inverted microscope (Zeiss, Jena, Germany) to observe morphological changes. The cytotoxic dose to 50% (CD50%) was defined as the amount necessary to produce 50% of the CA in a confluent cell culture.
Neutralization assay.
Polyclonal antibodies against the CT were used to determine whether CA could be inhibited. Antibodies were made using New Zealand white rabbits (2.5 Kg body weight) which were inoculated subcutaneously with 2.5 g of CT in a water-oil emulsion in the first two weeks and intramuscularly with 2.5, 5 and 10 g on the third, fourth and fifth week, respectively. Serum was collected and stored at -20°C. The reactivity was tested by Ouchterlony immunodiffusion test.
Bacterial strain supernatants were adjusted to CD50% and added to CHO and Vero cells growing in 96-wells plates (Nunc; Intermed, Roskilde, Denmark) with MEM medium and 2% fetal bovine serum (In Vitro Corp. Masch, USA). Polyclonal antibodies were added at 10 -1 -10 -4 dilutions, and the titer of neutralization was calculated as 50% (ED50%). Purified CT (Sigma-Aldrich, USA) was used as control.
Heat sensitivity.
In order to determine the sensitivity to the heat of the toxin, the supernatants from cytotoxic strains were heated at 80°C for 10 min, and were assayed in CHO and Vero cells under the conditions described above using the DCT50% and appropriate controls.
Detection of CT production in CA strains by ELISA.
Supernatants from strains with CA in cell cultures were added to 96-wells plaques (Nunc; Intermed, Roskilde, Denmark) with a U flat bottom adsorbed with GM1 ganglioside. The plates were washed and polyclonal anti-CT was added to them. Then, the plates were washed again, a monoclonal anti-rabbit labeled with para-nitrophenol-phosphate (Sigma-Aldrich, USA) was added and they were revealed with alkaline phosphatase. Cut-off was established with purified CT. 15, 16 Lipopolysacharide detection by LAL assay.
Supernatants from strains with CA in cell culture were assayed for lipopolysaccharide (LPS) using the Limulus Amebocytes lisate (LAL) with the Pyrogent LAL assay® kit (Cambrex corp. USA). 17 
Ligated Ileal loop assay in rat and rabbit.
This test was performed using young New Zealand white rabbits (2.5 kg body weight) and Wistar young rats (250 g body weight). Both animal models were subjected to fasting for 18-24 h prior to performing the experiment. The animals were anesthetized and the abdomen of each animal was opened using aseptic methods. The intestine was divided into 4 loops with string ligatures and 1 ml supernatant with CA in cell cultures, 1 ml of PBS, 1 ml of control strain supernatants and 1 ml of medium alone were inoculated in them. The abdomens of the animals were closed and the animals were sacrificed at 18 -20 h. The volume of accumulated fluid and the length of loops were determined. The relationship between volume and length of loop was calculated. 18, 19 The hemorrhagic damage was assessed by quantifying the hemoglobin in the fluid collected into the loop using benzidine hydrochloride according to Newman. 21 Histological tissue from the loops was included in paraffin and dyed by means of the hematoxilin and eosin technique.
Results
Cytotoxic dosage at 50%.
Strains 1, 22161 and 7876 appeared with a low CD50% (0.5), in which the activity became cytotonic after dilution of the supernatants. Strains 5762 and 5537 showed the highest titers (-0.3); strain 26361 (-0.1) produced vacuolating activity; 4/9 CA strains presented values from 0.6 to 0.1 and had no effect in the supernatant dilutions (Table 1) .
CA thermosensitivity.
After boiling, supernatants with CA were not capable of producing cytotoxicity CA in the monolayers of CHO and Vero cells (Table 1) .
Relation between CT and CA production.
Cytotonic activity of supernatants in Craig's media was inhibited in the presence of anti-CT antibodies, but the CA was not.
Detection of CT production in cytotoxic strains.
Strains 22161 and 1 exhibited hyper-production of cholera toxin with values of 100 and 79 ng respectively, but strain 1508 was not a CT producer. The rest of the strains presented values between 20 and 65 ng/ml (Table 1) .
Non-involvement of the Lipopolysacharide in strains with CA.
LAL methodology revealed LPS values of 0.2-0.4 ng/ ml in the supernatants had not significant differences between cytotonic CTN and cytotoxic CA in cell cultures (Table 1) .
Damage produced in the ileal loop by cytotoxic strains.
In the intestinal ileal loop of the experimental animals, cytotonic supernatants presented only clear fluid accumulation (traditionally associated to CT), while the strain cytotoxic supernatants produced hemorrhagic damage with less fluid. Table 2 , shows strains 1 and 22161 with low levels of hemoglobin (0.4 and 0.08 mg/ml in rabbit, and 0 and 0 in rat), but higher values was observed related with volume and length (2 and 2 ml/cm in rabbit, and 1 and 0.6 ml/cm in rat). The histological tissue of hemorrhagic ileal loops of cytotoxic strains exhibited inflammatory damage with leukocyte infiltration and erythrocytes, while cytotonic supernatants only presented enlargement of the intestinal epithelial cells associated to fluid accumulation.
Discussion
Although CT is the principal virulence factor of Vibrio cholerae 01 to produce disease in humans, more pathogenic factors could also be involved, because some V. cholerae O1 and other non-O1 non-toxigenic strains have been found to cause diarrhea and gastroenteritis due to the production of other toxins. 9, 22 Also, several experiments in vitro have shown that hemolysin could be involved in the pathogenicity of cholera through cell lysis, although some studies with human granulocytes have suggested that they are able to activate inflammation, but the possibility of taking part is not clear. 23 Thus, studies on accessory pathogenic factors are of great value as they permit possible mechanisms to be established. These incidentally take part in cholera pathogenicity, either alone or through a synergistic relationship between such factors and CT.
CTN produced by choleragenic CT-positive strains presents enlargement of cells due to changes in the ionic efflux across the membrane of the enterocyte [24] [25] [26] . In our study, two strains (22161 and 1) with CA revealed CTN after dilution. In other in vitro studies V. cholerae non-01 is able to induce vacuolation. 3, 27, 28 In this study, one strain (26361) showed a vacuolation effect once the supernatant obtained was diluted. Thus, at low doses, the effect induced by the hemolysin is vacuolation but, at higher doses, CA is induced as the effect of hemolysin (CA and vacuolating activity) which masks the CTN effect produced by CT.
There is no evidence of CA by CT. Whereas toxin production by our strains was different (table 1) to exclude participation of CT in the development of CA, we tested whether the effect of CA was inhibited by a polyclonal antibody anti CT, despite differences in the production of toxin from one strain to another. We found that CA was not inhibited by treatment even in a non CT producer strain (1508) had a high cytotoxicity titer. These results show that CT was not involved in the development of CA. Furthermore, given that a heat stable enterotoxin was found in a strain of V.cholerae positive CT 5 , we tested whether the factor related with CA could be thermostable. The hemolysin related with CA was not thermostable.
A mechanism related to lipopolysaccaride (LPS) is involved in the activation of some cellular pathways that lead to cellular lysis. Thus, we evaluated whether the lipopolysaccaride released in the medium during bacterial growth could be involved in CA. In addition, the LPS released from the bacteria to the medium induced CA in cell cultures. 29 However, since our results showed no significant difference between the LPS produced in the CA and CTN strains, we did not find a relationship between CA and LPS (table 1) .
We studied the effect of strains with CA in animal models in vivo using the ligated ileal loop in rabbit and rat. We used both models because the rabbit is more sensitive to CT than the rat and because we anticipated that the hemolysin effect would be more visible in the rat. In the intestinal ileal loop of the animal model, cytotonic supernatants only presented clear fluid accumulation traditionally associated with CT. Cholera toxin has been shown to induce fluid accumulation without hemorrhagic damage. 30 However, we showed that, in the animal models tested, the strains with CA also developed hemorrhagic damage with inflammation and abundant erythrocytes and leukocyte infiltration, all of which was manifested by the release of hemoglobin into the lumen together with the fluid. The effect was more visible in the rat than in the rabbit because the fluid accumulation in the rabbit masked the hemorrhagic effect. This is consistent with other studies in vivo in which findings were similar but in V. cholerae non-01 non 0139. 31 This suggests that V. cholerae 01 hemolysisn is able to develop tissue destruction and that could be a trigger of other pathways either apoptosis, inflammation or including necrosis observed by other groups in V. cholerae non-01. 32, 33 If hemolysin can trigger those mechanisms that lead to the lysis and inflammation, then it is possible that these same mechanisms could be involved in the development of gastroenteritis in which Vibrio cholerae O1 El Tor non-choleragenic CT negative has been involved. 34 Despite the low frequency of reports of strains of hemolysin producers with CA and other accessory factors of V. cholerae O1 (ZOT, ACE) further studies are required to understand how they could be taking part in cholera pathogenesis.
Several studies have described V. cholerae non-O1 hemolysin, that has been cloned and the supernatants from those clones were able to produce CA and vacuolation in cell cultures. 3 Moreover. studies in vivo are essential along with molecular analysis to determine whether the hemolysin in V. cholerae O1 detected in the present study is the same as that found in non-01 strains.
In conclusion, these data suggest that the V. cholerae O1 strains isolated were able to secrete hemolysin which, in turn, caused CA in cell cultures and produced the hemorrhagic and inflammatory effect observed in ileal loop in rabbit and rat models.
